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INTRODUCTION
the SS family appears to result from a series of gene duplication events (31). In goldfish, 49 multiple SS mRNAs encoded three distinct SS isoforms: SS-14, goldfish brain SS-28 (gbSS-28) 50 and [Pro 2 ] SS-14 (13). SS has a critical role in exerting inhibitory effects on endocrine and 51 exocrine secretions through binding to specific G-protein coupled receptors (GPCR) (39). Five 52 subtypes of SS receptor (Sst1-5) have been identified in mammalian species. In fish, four Sst 53 subtypes have been characterized (homologous to mammalian Sst1, 2, 3, and 5), some of which 54 possess multiple isoforms depending on species (31). In goldfish, eight Ssts (Sst1a, 1b, 2, 3a, 3b, 55 5a, 5b, and 5c) have been identified and multiple Ssts are expressed in pituitary cells, with Sst2, 56
Sst5a and Sst5b mRNAs being the most abundant (24-27), which is also consistent with 57 mammalian counterparts. The diversity of Sst subtypes may have contributed to the pleiotropic 58 cellular functions of SS. 59 7 mM stocks.
3-isobutyl-1-methylxanthine (IBMX), CPT-cAMP, forskolin, U73122, 2-141 aminoethoxydiphenyl borate (2-APB) and GF109203 were obtained from Calbiochem (San 142 Diego, CA). Similar to the peptide hormones, these pharmacological agents were prepared as 10 143 mM frozen stocks in dimethyl sulfoxide (DMSO). Stock solutions of test substances were diluted 144 with prewarmed (28 o C) culture medium to appropriate concentrations 15 min prior to drug 145 treatment. The final dilutions of DMSO were less than 0.1% and had no effects on SL gene 146 expression in goldfish pituitary cells. 147 148
Molecular cloning of goldfish SLα 149 150
Total RNA was extracted from the pituitary of goldfish using TRIZOL (Invitrogen, 151 Grand Island, NY) and reversely transcribed using a SuperScript TM II First Strand cDNA 152 Synthesis Kit (Invitrogen). Using primers designed based on the conserved regions of SLα ORF 153 reported in grass carp and zebrafish, nested PCR was performed and a partial fragment of 154 goldfish SLα cDNA was isolated. Based on the sequences obtained, gene-specific primers were 155 designed and 5'/3'-RACE was conducted using a GeneRacer Kit (Invitrogen). After size-156 fractionation, PCR products of appropriate sizes were purified from agarose gel and subcloned
Tissue distribution of SLα and SLβ by RT-PCR 167 168
Tissue distribution of SLα and SLβ expression was examined by using RT-PCR. Briefly, 169 total RNA (10 μg) was isolated from selected tissue and brain areas of the goldfish using 170 TRIZOL, digested with RNase-free DNase I to remove genomic DNA contamination, and 171 reversely transcribed using SuperScript TM II (Invitrogen). The RT sample obtained was used as 172 the template for PCR using the primers specific for goldfish SLα [SLα forward primer: 5'-173 annealing, and 30 s at 72 o C for primer extension. After that, PCR products obtained were 179 resolved in 1% gel, visualized by staining with ethidium bromide staining and transblotted onto a 180 positively charged nylon membrane. Afterwards, Digoxigenin (DIG)-labeled probes for goldfish 181 SLα and SLβ were prepared for PCR Southern using a PCR DIG Probe Synthesis Kit (Roche, 182
Mannheim, Germany). To confirm the authenticity of PCR products, Southern blot was 183 conducted using the DIG-labeled cDNA probes for goldfish SLα and SLβ. RT-PCR for β-actin 184 was also performed to serve as an internal control in this study. To further characterize the 185 transcripts of goldfish SLα and SLβ expressed in the pituitary, Northern blot was also performed 186 using total RNA isolated from the goldfish pituitary as described by (17) . After size-fractionationonto a nylon membrane, UV cross-linked, prehybridized for > 2 h with blocking solution, and 189 hybridized overnight at 42 o C with the DIG-labeled probes for SLα and SLβ. On the following 190 day, hybridization signals were revealed using a DIG chemiluminescent detection Kit (Roche, 191 Mannheim, Germany) and visualized in an IC440 CF Image Station (Eastman Kodak, New 192 Haven, CT). To ensure the absence of RNA degradation in our samples, parallel blotting of β-193 actin mRNA was also conducted in these experiments. 194
195

Western blot of SL immunoreactivity 196 197
In our recent studies, the grass carp SL antisera is specific for each isoform and also does 198 not cross react with GH and PRL (18) . Given that the sequence homology of grass carp SLα and 199
SLβ compared with their goldfish counterparts are quite high (85% for SLα and 86% for SLβ), it 200 is likely that the antiera for grass carp SLα and SLβ can also be used in goldfish. To confirm the 201 specificity of these antisera in goldfish, Western blot was performed with goldfish pituitary cell 202 lysate and condition medium after 24 h incubation. Briefly, primary cultures of pituitary cells 203 were prepared from goldfish and seeded in 24-well culture plates at a density of 1.3 x 10 6 204 cells/ml/well. After overnight incubation to allow for recovery of membrane receptors, drug 205 treatment was initiated by replacing the old medium with M199 medium (43). After that, culture 206 medium was collected for monitoring SL release while pituitary cells were lysed in RIPA buffer 207 (50 mM Tris-HCl, 150 mM NaCl, 1 mM EDTA, 1% NP-40, and 0.25% Na deoxycholate) 208 supplemented with a cocktail of protease inhibitors and phosphatase inhibitors (Roche, 209 Mannheim, Germany). These protein samples were resolved by SDS-PAGE, electroblotted onto 210 nitrocellulose membrane, and subjected to Western blot using the antisera for SLα (1:1,000,000) 211 and SLβ (1:5,000). After that, signal development was performed using Immobilon TM Western 212 immunoreactivities, Western blot of goldfish pituitary lysate was performed with SLα and SLβ 214 antisera incubated for 15-18 h at 4°C with the respective isoform of recombinant SL (0.1 µg/ml). 215
216
N-glycosidase F assay 217 218
To evaluate the glycosylation status of goldfish SL, N-gylcosidase F assay was performed 219 according to the method described by (18). Briefly, cell lysate (for SL content) and culture 220 medium (for SL released) were harvested from goldfish pituitary cells after static incubation for 221 24 h. These protein samples were digested with N-glycosidase F (1 Unit/reaction, Calbiochem) 222
for 3 h at 37 °C and subjected to SDS-PAGE followed by Western blot using the antiserum for 223 conducted with anti-DIG antibody (1:500, Roche) using nitro blue tetrazolium (NBT) and 5-241 bromo-4-chloro-3-indolyl-phosphate (BCIP) as the substrates.
In these experiments, 242 hybridization with the sense strands of the SLα and SLβ riboprobes was used as the negative 243 control.
To confirm the expression pattern of SLα and SLβ at the protein level, 244 immunohistochemical staining was also performed in goldfish pituitary sections using a 245
Vectastain ABC Kit (Vector Laboratories, Burlingame, CA) according to the manufacturer's 246 instructions. In this study, antisera for SLα and SLβ was used at 1:10,000 dilutions and signal 247 detection of immunostaining was based on avidin-biotin-peroxidase complex method using 248 diaminobenzidine (0.05%) as the substrate. 249
250
RT-PCR of Sst subtypes in goldfish NIL cells 251 252
The NIL of individual pituitaries was isolated by manual dissection under a 253 stereomicroscope. Total RNA was isolated using TRIZOL and reversely transcribed with 254
SuperScript
TM II. RT samples obtained were then subjected to RT-PCR using primers specific for 255 goldfish Sst1b (GenBank no. AF097727), Sst2 (GenBank no. AF139597), Sst3a (GenBank no. 256 AF311307) and Sst5a (GenBank no. AF252879). In these experiments, RT-PCR of β-actin 257 mRNA was used as an internal control. of goldfish SLα and SLβ were used as the standards for these real-time PCR assay. As an 281 internal control for data normalization, parallel real-time PCR for β-actin mRNA was alsoThe NIL cells were seeded at a density of ~1.5 × 10 6 cells/2 ml/dish in poly-D-lysine 287 precoated 35-mm dishes and cultured overnight at 28 o C as previously described (16). On the 288 following day, culture medium was replaced with 0.9 ml HEPES-buffered Hanks' balanced salt 289 solution with 0.1% BSA and 0.1 mM IBMX. IBMX, the inhibitor for phospho-diesterases, was 290 included to prevent cAMP degradation in NIL cells. Drug treatment was initiated with various 291 combinations of drugs at appropriate concentrations and the cells were allowed to incubate at 28 292 o C for 30 min. After that, culture medium was harvested for the measurement of cAMP release 293 whereas cellular cAMP content was extracted from NIL cells with 1 ml PBS. These cAMP 294 samples were quantified by using a cAMP ELISA kit (Wuhan EIAab Science Co., Ltd). In these 295 studies, total cAMP production was defined as the sum of cellular cAMP content and the amount 296 of cAMP released into the culture medium. Since no major changes in β-actin mRNA were noted in our studies, the raw data of SLα and SLβ 304 mRNA expression were simply transformed as a percentage of the mean value in the control 305 group without drug treatment (referred to as "%Ctrl"). Data presented (as means ± SEM) are the 306 results pooled from four separate experiments and were analyzed using ANOVA followed by
Molecular cloning of goldfish SLα cDNA 312 313
Using 5'/3'-RACE, the full-length cDNA for SLα was isolated from the goldfish pituitary. 314
The SLα cDNA is 1404 bp in size with five putative polyadenylation signals and two long 315 structures of "g" repeats in the 3'UTR and an ORF of 705 bp encoding a 235 a.a. precursor for 316 goldfish SLα (Fig. 1A) . The SLα precursor is composed of a 24 a.a. signal peptide followed by a 317 211 a.a. mature protein with a deduced MW of 26.8 kD. Seven conserved Cys residues and an N-318 linked glycosylation site can be located in the mature protein of goldfish SLα. As shown in Fig.  319 1B, sequence alignment at the protein level also reveals that the a.a. sequence of goldfish SLα is 320 highly homologous to that reported in grass carp (85%), zebrafish (78%), medaka (77%) and 321 salmon (74%). Phylogenetic analysis based on nucleotide sequence has confirmed that the newly 322 cloned goldfish SLα cDNA can be clustered within the clade of SLα family and is closely related 323 to SLα carp species, e.g. grass carp and zebrafish ( Fig. 2A) . In silico protein modeling also 324 confirms that the 3-D structures of goldfish SLα and SLβ are highly comparable with a central 325 core of four α helices arranged in an "up-up-down-down" topography ( Fig. 2B) . 326
327
Tissue distribution of SLα and SLβ expression 328 329
To characterize the tissue expression profile of SLα and SLβ, Northern blot was 330 performed in RNA samples prepared from various goldfish tissues. However, hybridization 331 signals were detected in the goldfish pituitary ( Fig. 3A) but not in other tissues (data not shown).
respectively, could be detected. Since the hybridization signal for SLβ required a longer exposure 334 and was found to be much weaker than that of SLα, it would be reasonable to assume that SLα is 335 the dominant form of SL expressed in the goldfish pituitary. To further examine the possibility of 336 extrapituitary expression of SLα and SLβ in goldfish, a more sensitive method, namely, RT-PCR, 337 was used for SLα and SLβ mRNA detection in selected tissues. In accordance with the results of 338
Northern blot, the pituitary was confirmed to be the tissue with the highest levels of SLα and SLβ 339 mRNA expression. Except for the testis, lower levels of SLα transcript were detected in the brain, 340 liver, gills, heart, intestine, fat, kidney, and ovary ( Fig. 3B) . In contrast to the wide range of 341 tissue expression for SLα, apart from the high level of transcript expression in the pituitary, low 342 levels of SLβ gene expression could be noted only in the brain and liver but not in other tissues 343 examined (Fig. 3D ). Since SLα and SLβ gene expression were located in the brain, the spatial 344 distribution of the two SL isoforms in different goldfish brain areas was also examined. In this 345 case, SLα transcript was found to be expressed at relatively high levels in the olfactory bulb and 346 hypothalamus, low levels in the telencephalon, medulla oblongata and spinal cord, but not in the 347 optic tectum and cerebellum (Fig. 3C ). In contrast, goldfish SLβ was restricted to the 348 hypothalamus ( Fig. 3E) . Given that the PCR signals for β-actin expression were consistently 349 detected in all the tissues, the lack of PCR signals for SLα and SLβ caused by RNA degradation 350 during sample processing was highly unlikely. 351
352
SLα and SLβ immunoreactivities in goldfish pituitary 353 354
To characterize the protein expression of SLα and SLβ in the goldfish pituitary, the 355 antisera raised against grass carp SLα and SLβ were used in Western blot analysis of protein 356 and 30 kD in size were recognized by SLα antiserum whereas only a single protein band of 26 kD 358 in size could be detected by SLβ antiserum. In these studies, no Western blot signals could be 359 detected with the pre-immunized serum for the respective antiserum. Furthermore, serial 360 dilutions of the two antisera resulted in a gradual reduction of the respective signals for their 361 target proteins. In parallel experiments, using recombinant protein of carp SLα and SLβ as the 362 standard, the two antisera were confirmed to be highly specific for each isoform. In this case, the 363 28 kD and 30 kD protein bands for SLα and 26 kD protein band for SLβ were not only detected 364 in pituitary cell lysate but also in culture medium, suggesting that the respective forms of SL 365 could be secreted from goldfish pituitary cells (Fig. 4B ). The Western blot signals for goldfish 366
SLα and SLβ were further confirmed to be highly specific, as preabsorption of the two antisera 367 for 15-18 h at 4 o C with the recombinant proteins of carp SLα (1 µg/ml) and SLβ (1 µg/ml) could 368 totally abolished the signals for SLα and SLβ immunsreactivities (Fig. 4C) . To further confirm the regional distribution of the two SL isoforms at the goldfish 391 pituitary level, immunohistochemical staining of goldfish pituitary sections was conducted using 392 the antisera for carp SLα and SLβ (Fig. 5B) . Consistent with the findings based on the in situ 393 hybridization, the cell population with SLα immunoreactivity was found to be the major form of 394 the SL. Although both SLα and SLβ immunostaining signals could be also recognized in the 395 PPD by immunohistochemical staining, the cause for different expression patterns of two 396 isoforms between the mRNA and protein level is unclear. Furthermore, no immunostaining 397 signals could be noted in the goldfish pituitary section by replacing the SLα and SLβ antisera 398 with the respective pre-immunized serum (data not shown), confirming that the antisera used in 399 the present study were specific for the respective ligand. absence of gbSS-28 (100 nM). In this case, both IGF-I (10 nM) and IGF-II (10 nM) wereeffective in stimulating SLα and SLβ mRNA expression, however, this stimulatory effect could 429 be abolished in the presence of gbSS-28 treatment ( Fig. 7C and 7D) . 430
431
Signal transduction mechanisms for gbSS-28-inhibited SL gene expression 432 433
Given that SS is known to inhibit cAMP synthesis via activation of AC activity at the 434 pituitary level in fish (44), the effects of gbSS-28 on cAMP production were tested in NIL cells 435 prepared from the goldfish pituitary. As shown in Fig. 8A , forskolin was effective in elevating 436 total cAMP production. In contrast, basal levels and forskolin-induced increases in cAMP 437 production were significantly suppressed by treatment with 100 nM gbSS-28 using primary 438 cultured goldfish NIL cells. To further evaluate the functional role of the cAMP-dependent 439 pathway in gbSS-28-inhibited SL gene expression, mixed populations of goldfish pituitary cells 440 were exposed to gbSS-28 (100 nM) in the presence of the AC activator forskolin (1 μM) and 441 cAMP analog CPT-cAMP (100 μM), respectively. In this case, application of the forskolin (1 442 μM) and CPT-cAMP (100 μM) increased SLα and SLβ gene expression. Addition of gbSS-28 443 (100 nM) significantly inhibited not only basal SL gene expression but also forskolin-and CPT-444 cAMP-stimulated SL gene expression ( Fig. 8B and 8C ). In mammals, Ssts are also known to 445 couple with the PLC/IP3/PKC pathway (7). The involvement of the PLC/IP3/PKC-dependent 446 pathway in gbSS-28 inhibition of SL gene expression is suspected. To test the hypothesis, the 447 inhibitory effects of gbSS-28 (100 nM) were examined in the presence of the PLC inhibitor 448 U73122 (5 μM) and IP3 receptors inhibitor 2-APB (10 μM). In these experiments, gbSS-28 449 suppression of SLα and SLβ mRNA expression could be prevented by these pharmacological 450 inhibitors ( Fig. 9A and 9B) . In parallel experiments, the inhibitory effects of gbSS-28 on SLcase, the inhibition on SLα mRNA expression induced by gbSS-28 was totally abolished by co-453 treatment with the PKC inhibitor (Fig. 9C ). Similar treatment with PKC inhibitors GF109203, 454 however, did not alter gbSS-28 inhibition of SLβ gene expression in goldfish pituitary cells (Fig.  455   9D) . To date, two isoforms of SL, namely, SLα and SLβ, have been identified in fish species, 476 e.g. zebrafish (47) and grass carp (17), but only the SLβ isform has been reported in goldfish (10). 477
To elucidate the structure of SLα in goldfish, 5'/3'-RACE was conducted to pull out the full-478 length cDNA of goldfish SLα. As revealed by phylogentic analysis, the newly cloned cDNA 479 could be clustered within the clade of SLα but not SLβ gene family. Although its sequence 480 homology at the protein level is relatively low when compared to that of goldfish SLβ (47%), 481 goldfish SLα is highly homologous to the SLα isoforms reported in other fish species (74%-85%). pituitary was found to be much higher than that of SLβ and 3) SLα is widely expressed in 494 different extrapituitary tissues and brain areas in fish (e.g. grass carp (17) and goldfish), it would 495 be logical to assume that SLα but not SLβ is the major form of SL with a functional role instudies, these antisera were confirmed to be specific for respective ligands in goldfish as 1) 500 specific signal of target protein could be detected with the respective antiserum but not by the 501 pre-immunized serum; and 2) these specific signals of immunostaining could be reduced 502 gradually with serial dilution of antiserum. Using these antisera coupled with an N-glycosidase F 503 assay, both glycosylated (30 kD) and non-glycosylated forms of SLα (28 kD) and a non-504 glycosylated form of SLβ (26 kD) were detected in the cell lysate and conditioned medium 505 prepared from goldfish pituitary cells. These results suggest that 1) the two SL isoforms are 506 produced and released from goldfish pituitary cells and 2) post-translational modification by an 507 N-linked glycosylation has occurred during the process of SLα but not SLβ synthesis. Although 508 an N-linked glycosylation site could be identified in the coding sequence of goldfish SLα, the 509 non-glycosylated form of SLα appears to be the major product in goldfish pituitary cell culture. 510
SLs with different levels of glycosylation have also been reported in other fish species, e.g. in 511 gilthead seabream (2), Atlantic cod (37) and grass carp (17), but the functional role of SL's 512 glycosylation has not been elucidated. 513 514 Sst subtypes have been cloned in goldfish and confirmed to be expressed at the pituitary 515 level (31). Identification of multiple types of Sst raises a question whether a given physiological 516 response is selective for one type of receptors or whether multiple types of receptors are involved. 517
In CCL39 cells stably expressing the gfSst5a, gbSS-28 and mammalian SS-28 analog bind 518 gfSst5a with higher affinity than SS-14 and [Pro 2 ]SS-14 (26). In our present study, all four 519 subtypes of Sst1b, Sst2, Sst3a and Sst5a were recognized to be expressed in goldfish pituitary, 520 whereas only Sst5a transcripts were located in NIL cells, suggesting Sst5 is a predominantidea is supported by our in vitro studies with goldfish pituitary cells in which gbSS-28 was found 523 to reduce SLα and SLβ mRNA expression in a time-and concentration-related manner. In 524 goldfish pituitary cells, short-term incubation with gbSS-28 did not alter SL gene expression but 525 inhibition of mRNA levels for the respective isoforms were noted by prolonging the drug 526 treatment to 24-48 h. The ''delayed" responses for SL transcript expression might be due to the 527 late onset of gene transcription at the pituitary cell level. In a recent study with grass carp, both 528 IGF-I and IGF-II were effective in stimulating SLα and SLβ gene expression in a dose-dependent 529 manner (18). In our present studies, both IGF-I and IGF-II could also increase goldfish SLα and 530
SLβ mRNA levels, but these stimulatory actions were blocked by co-treatment with gbSS-28, 531
suggesting SLα and SLβ gene expression are coordinately regulated in goldfish pituitary cells by 532 gbSS-28 and IGFs. In goldfish, gbSS-28 mRNA was identified within preparations of dispersed 533 pituitary cells (46), implying that gbSS-28 may also be produced locally at the level of the 534 pituitary. Our results suggest that gbSS-28 via Sst5a activation can act directly at the pituitary 535 level to inhibit SL gene expression in goldfish. Our findings also raise the possibility that SS may 536 be produced locally in the fish pituitary and serve as an autocrine/paracrine regulator. 537 538 Molecular inhibitory mechanisms of SS in teleosts are mainly derived from its action on 539 GH secretion at the pituitary level. However, the signal transduction mechanisms responsible for 540 SL gene expression are largely unknown. In CCL39 cells stably expressing the gfSst5a, gbSS-28 541 binding Sst5a are coupled to G i/o protein (26, 32) . In NIL cells prepared from the goldfish 542 pituitary, gbSS-28 treatment could inhibit total cAMP production and the ability of forsklin to 543 increase cAMP production was attenuated by gbSS-28. Our present findings are also in line with 544 the previous reports that treatment with gbSS-28 decreased basal cAMP levels from primary inhibitory action of gbSS-28 was mediated by overlapping and yet distinct signaling pathways 568 (Fig. 10A and 10B) . Furthermore, our report also provides novel information on the signal 569 transduction for the SS neuroendocrine system in basal vertebrates. Further investigations on the 570 role of gbSS-28 in regulating SL secretion are clearly warranted.
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